One-day-old male Ross chicks were used in an experiment designed to compare two methionine sources, DL-methionine and methionine hydroxy analogue free acid (MHA-FA), and four different levels: 0.41; 0.47; 0.53; 0.59% (starter diet); 0.35; 0.41; 0.47; 0.53% (grower diet); and 0.30; 0.36; 0.42; 0.48% (finisher diet). One thousand two hundred and eighty chicks were housed in 32 experimental floor-pens (40 birds each) and fed 8 experimental diets based on corn and soybean meal for 47 days. The effects of methionine sources and levels were evaluated by performance data, carcass and cut yields, feather yield and abdominal fat content. Data were analyzed as a completely randomized design in a 2x4 factorial arrangement (2 sources and 4 levels), with 8 treatments and 4 repetitions. Analysis of variance was performed using PROC GLM of SAS © . Data indicated DL-methionine to be more effective in promoting growth than MHA-FA, and weight gain increased numerically in response to increasing levels of methionine in all phases.
INTRODUCTION
Maximum carcass yield is an important objective in the modern poultry industry, which demands an optimum protein supply. Supplementation should avoid the excess of nutrients in the formulated diets, and, consequently, the unnecessary expenses with nutrition. Nevertheless, lowcost diet formulation promoted a decrease in the crude protein (CP) content of diets, resulting in a higher fat concentration in the carcass (Garlich, 1985) .
Methionine is an important amino acid in protein synthesis in broilers. Synthetic sources are available for over four decades: DL-methionine and DL-2-hydroxy-4-[methyl] butanoic acid (DL-HMB), also known as methionine hydroxy analogue (MHA), is bought as a calcium salt (MHACa) or as a free acid (MHA-FA). Whereas L-methionine and D-methionine are actively absorbed (transported against a concentration gradient), MHAs are passively absorbed, by diffusion, from a more concentrated medium to a less concentrated medium. As a result, lower intestinal absorption efficiency is expected for the hydroxy analogues in comparison to DLMet, as reported by Esteve-Garcia & Austic (1987) . Broilers under stressing conditions absorb less MHA-FA than DL-methionine (Rostagno & Barbosa, 1995) . Baker & Boebel (1980) concluded that the bioavailability of MHA-FA was lower than that of DL-methionine. They also reported that the efficacy of the purified form of MHA-Ca, MHA-FA and a polymer preparation of free-acid methionine (MHAP-(FA)) were 87, 78 and 67% if compared to DL-Met, when used as the only source of sulphur amino acids. Thomas et al. (1991) of bioefficacy for weight gain and feed conversion when compared to DL-Met, respectively. However, Romoser et al. (1976) and Waldroup et al. (1981) used practical and semi-purified diets and reported no differences in the performance of broilers that had been supplemented with levels of MHA-FA, MHA-Ca, DL-Met or L-Met at the same equimolar basis. Diets with protein contents of 16 to 20% resulted in smaller abdominal fat deposit during the finisher period, with increasing sulphur amino acid supplementation (Mendonça & Jensen, 1989) .
This study was conducted with the objective of comparing the performance of broilers given different levels of DL-methionine and methionine hydroxy analogue free acid, based on carcass yield, abdominal fat and feather yield.
MATERIAL AND METHODS
The experiment was conducted in the poultry rearing facility of the Faculdade de Medicina Veterinária e Zootecnia from USP, Campus de Pirassununga, SP, during 47 days. Male Ross chicks (1,280) were housed in 32 pens of 4.28m 2 (40 birds/pen) in a completely randomized design according to a 2x4 factorial (2 sources and 4 methionine levels), with 8 treatments and 4 repetitions. Experimental diets (Table 1) were formulated in order to support the nutrient requirements of the birds, except for methionine, which was supplemented by the two sources (DL-MET and MHA-FA). The supplementation was equimolar, following the recommendations of the manufacturer. Four levels were used: 0.41, 0.47, 0.53 and 0.59 % in the starter diet (1 to 21 days); 0.35, 0.41, 0.47 and 0.53 % in the grower diet (22 to 42 days), and 0.30, 0.36, 0.42 and 0.48 % in the finisher diet (43 to 47 days).
The following performance variables were determined: weight gain (WG), feed intake (FI) and feed conversion (FC), for each phase and for the total period (1 to 47 days). At the end of the experimental period, 4 birds per repetition were randomly chosen and killed, totaling 144 birds. Carcass yield (CY) was obtained by weighing the birds before and after fasting for 8 hours, bleeding, weighing after bleeding, scalding, plucking, weighing after plucking, evisceration, viscera and abdominal fat weighing, eviscerated carcass weighing. Carcasses were chilled in a counter flow chiller and stored for 24 hours in a cold chamber. After the excess of water had been eliminated, carcasses and cuts were weighed. Abdominal fat, including the fat surrounding the gizzard, was determined according to Cabel et al. (1987) . The yields of the carcass, cuts and viscera were determined based on the methodology adapted by Souza et al.(1994) .
Data were analyzed using the PROC GLM of the Statistical Analysis System (SAS, 1985) , and means were compared by Tukey's test at the 5% probability level. Data referring to the different supplementation levels used for each variable were submitted to orthogonal contrast analysis, and deviation equations were determined when the contrast analysis was significant (p<0.05). The interaction between the source x level was analyzed and further analysis was performed when interaction was significant (p<0.05), in order to study changes of each source within each level and vice-versa.
RESULTS AND DISCUSSION
In the starter phase (1 -21 days, Table 2 ), DL-MET was more effective in promoting bird growth when compared to MHA-FA (p<0.05), similar to the result reported by Van Weerden et al. (1983) . Further analysis of the orthogonal contrasts showed a linearity of the data (p<0.05), producing the following equation: Initial WG = 0.76 + 0.10X, where X is the methionine level. There was an increase of 2.72% in weight gain as a response to the highest methionine level (0.53%) when compared to the lowest level (0.35%). The increasing weight gain with increasing methionine levels in the diet have also been reported by Schutte & Van Weerden (1981) , Twining & Hochstetler (1982) and Elkin & Hester (1983) . Nevertheless, Garlich (1985) found differences for weight gain at 21 days of age that were attributed to methionine levels, but not due to the source that was used. Feed intake was not affected by levels or sources in the initial phase. Furthermore, no significant effects were seen for sources, levels and source x level interaction on feed conversion, differently from the results reported by Van Weerden et al. (1983) , who observed better feed conversion of DL-MET compared to MHA-FA. Garlich (1985) found that feed conversion was better when methionine was supplemented, but no differences were seen due to methionine source.
During the grower phase (22 to 42 days), weight gain increased (p<0.05) due to increasing methionine levels ( Table 2) . Analysis of the linear ortogonal contrast was significant (p<0.01), and the corresponding equation was: Growing WG = 1.44 + 0.34X, where X is the methionine level supplemented on the diet. A weight gain increase of 4.65% was seen in the highest methionine level (0.53) in comparison to the lowest level (0.35). Garlich (1985) reported a weight gain 12.4% higher compared to the weight gain of broilers fed the basal diet, that was deficient in methionine. The same was observed by Huyghebaert (1993) , who compared DL-MET and MHA-FA, and reported that the increase in methionine levels promoted an increase of 14% in weight gain when compared to the methionine-deficient basal diet. A similar result was described by Rostagno & Barbosa (1995) , who observed an increase in 13% of weight gain for birds fed a basal diet without methionine. Source or level did not affect feed intake during the growing period, and no interaction was seen between the two factors. Nevertheless, Garlich (1985) reported that feed intake differed significantly due to methionine supplementation level. Feed conversion in the growing phase was significantly different (p<0.05) among the different sources, so that the birds fed with DL-MET had a better feed conversion than the birds supplemented with MHA-FA. No effect of level was seen for feed conversion. On the other hand, Huyghebaert (1993) reported that feed conversion was 11% better with the increase in the percentage of methionine in the diet, and Schutte & Pack (1995) found a similar result. During the finisher phase (43 to 47 days), no significant difference was seen for weight gain due to sources and levels, but there was an increasing trend with higher methionine levels, for the two studied sources. Identical results were reported by Schutte & Pack (1995) , however Visentini et al. (1996) studied substitution levels of DL-MET by MHA-FA and concluded that the total substitution (100%) resulted in smaller weight gain. Feed intake during this phase was not affected by source, but orthogonal contrast analyzed within levels showed a significant linear contrast (p<0.05), according to the equation: Final FI = 0.66 + 0.18X, where X is methionine level for this period. This result is in accordance to those reported by Schutte & Pack (1995) , who reported that the increase in methionine levels increased feed intake. There was no effect of different methionine levels or sources on feed conversion in the final phase. No effect of source, level or interaction between source x level was seen for weight gain and feed intake during the total period (Table 3 ). Feed conversion was significantly different (p<0.05) between sources, so that broilers fed with DL-MET showed better feed conversion than the birds supplemented with MHA-FA. No significant differences were seen for sources, treatments and interaction between the factors for carcass yield, thigh yield, leg yield, breast yield and abdominal fat (Table 4) . Nevertheless, Jensen et al. (1989) observed that the abdominal fat in males and females slaughtered at 42 days of age decreased with the increase in sulphur amino acids in the diet. Hickling et al. (1990) suggested that the response of breast meat production to methionine + lysine levels might result in economic benefits that would obviously depend on the cost of the supplemented amino acid and the price of broiler meat. Since they reported an increase of 15 to 20 g in breast meat per bird with an adequate supplementation of methionine and lysine, these data support the hypothesis that higher levels of essential amino acids in the diet, above those required for maximizing weight gain, increase meat production. The interaction between source and level was significant for feather yield, but no significant contrast was seen for DL-MET and MHA-FA (Table 5) . Bastiani et al. (1994) reported better feathering at 35 days of age for the birds fed higher methionine levels in the diet. 
CONCLUSIONS
DL-methionine was more effective in promoting a better live performance of the birds when compared to methionine hydroxy analogue, and higher methionine levels increased weight gain, but feed intake was not affected by methionine level or sources, except in the final phase. Feed conversion was affected by methionine source and dietary level, since it was better for broilers fed DL-methionine than methionine hydroxy analogue and with higher levels.
Feather yield was higher in the birds receiving the highest methionine levels when compared to the broilers fed with lower methionine levels. Nevertheless, sources and/or levels of methionine did not affect carcass yield, thigh yield, leg yield, breast and abdominal fat. 
